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Cardiovascular disease is the primary cause of
mortality in developed countries, with the
exception of Japan. In Comunidad Valenciana,
an autonomous region in Spain with approxi-
mately 4 million inhabitants, cardiovascular
disease accounts for 35% of total female mor-
tality and 46% of total male mortality
(Melchor et al. 1998). Geographic variability
within Comunidad Valenciana has been docu-
mented (Ferrándiz et al. 2000, 2002; Nolasco
et al. 1992).
Previously published scientific articles
have reported a negative correlation between
drinking water hardness and cardiovascular
mortality. Some results obtained in ecologic
studies (Cradford et al. 1971; Lacey and
Shaper 1984; Pocock et al. 1980) suggest that
high levels of drinking water hardness (i.e.,
high concentrations of calcium and magne-
sium) are protective against cardiovascular
diseases, mainly against ischemic heart disease.
Several surveys based on individual cases
(Hall and Jungner 1993; Van der Vijver et al.
1992) have not confirmed the protective
effect of calcium. Nevertheless, Rylander
et al. (1991) and Yang (1998) suggest the
beneficial effect of magnesium against coro-
nary heart disease mortality as well as against
cerebrovascular mortality. The results of these
studies, obtained at the aggregated level, have
been partially corroborated by case–control
studies (Rubenowitz et al. 1996, 2000).
These case–control studies, conducted in 18
southern municipalities in Sweden, found a
protective effect of magnesium against acute
myocardial infarction mortality but failed to
ﬁnd this effect for the total incidence in men.
A recent report by Marx and Neutra
(1997) on the relationship between ischemic
disease and magnesium in drinking water pre-
sented an analysis of several ecologic studies
showing contradictory results, perhaps because
the studies were not sufﬁciently speciﬁc to ﬁnd
the associations the investigators were explor-
ing. The authors concluded their report by rec-
ommending that further studies be conducted
to evaluate the apparent benefit of drinking
water with high magnesium concentration.
A key issue to be addressed is the hypo-
thetical temporal sequence between exposure
and adverse health effects. It is unclear when
to measure these factors, as there is no clear
latency period. Some authors (Rubenowitz
et al. 1996) have indicated that 1 year is sufﬁ-
cient to produce observable magnesium
effects. However, other authors pointed out
that longer periods of observations are needed
(Marx and Neutra 1997).
More recently, Ferrandiz et al. (2003)
studied the relationship between cerebro-
vascular mortality and calcium and magnesium
concentrations in drinking water in 262
municipalities of the Valencia province in
Spain from 1990 to 1995. They found a
decreasing temporal trend, suggesting the
cumulative effect of this beneficial factor,
although this assertion needs further research.
Our research extends this last study, taking
advantage of the Spanish Rapid Inquiry
Facility (RIF). The RIF is an analytical tool for
quick assessment that is applied to the data
gathered in an information system developed
within the European Health and Environment
Information System (EUROHEIS) project
and allows exposure analysis with covariates
(Gómez et al. 2002). 
First, we enlarged the period studied to
1991–1998. Second, we included all munici-
palities of Comunidad Valenciana, not just
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Previously published scientiﬁc papers have reported a negative correlation between drinking water
hardness and cardiovascular mortality. Some ecologic and case–control studies suggest the protec-
tive effect of calcium and magnesium concentration in drinking water. In this article we present
an analysis of this protective relationship in 538 municipalities of Comunidad Valenciana (Spain)
from 1991–1998. We used the Spanish version of the Rapid Inquiry Facility (RIF) developed
under the European Environment and Health Information System (EUROHEIS) research project.
The strategy of analysis used in our study conforms to the exploratory nature of the RIF that is
used as a tool to obtain quick and ﬂexible insight into epidemiologic surveillance problems. This
article describes the use of the RIF to explore possible associations between disease indicators and
environmental factors. We used exposure analysis to assess the effect of both protective factors—
calcium and magnesium—on mortality from cerebrovascular (ICD-9 430–438) and ischemic
heart (ICD-9 410–414) diseases. This study provides statistical evidence of the relationship
between mortality from cardiovascular diseases and hardness of drinking water. This relationship is
stronger in cerebrovascular disease than in ischemic heart disease, is more pronounced for women
than for men, and is more apparent with magnesium than with calcium concentration levels.
Nevertheless, the protective nature of these two factors is not clearly established. Our results sug-
gest the possibility of protectiveness but cannot be claimed as conclusive. The weak effects of these
covariates make it difﬁcult to separate them from the inﬂuence of socioeconomic and environmen-
tal factors. We have also performed disease mapping of standardized mortality ratios to detect clus-
ters of municipalities with high risk. Further standardization by levels of calcium and magnesium in
drinking water shows changes in the maps when we remove the effect of these covariates.
Key words: environmental epidemiology, geographic information systems, hierarchical spatial
models, relative risk, spatial smoothing. Environ Health Perspect 112:1037–1044 (2004).
doi:10.1289/ehp.6737 available via http://dx.doi.org/ [Online 15 April 2004]those belonging to the province of Valencia,
thus enlarging our study from 263 to 538
municipalities. This provides a wider range of
values for the factors being studied. Third,
we considered ischemic [ICD-9 410-414
(World Health Organization 1978)] as well
as cerebrovascular [ICD-9 430-438; (World
Health Organization 1978)] diseases. Finally,
data on drinking water hardness have also
been completed and updated as a result of
efforts to build a comprehensive environ-
mental database inside the RIF.
Material and Methods
Data
One of the primary advantages of the RIF is
the comprehensive database built into it.
Mortality/morbidity, demographic, socioeco-
nomic, and environmental data are assembled
in a georeferenced system, allowing geographic
representations of these phenomena. All data
used in our study came from this source.
When constructing and updating the RIF
database, mortality counts were obtained
from the mortality registry of the Dirección
General de Salud Pública. These numbers
correspond to residents of Comunidad
Valenciana and include deaths of those resi-
dents that occurred in or out of the region.
Similarly, environmental data such as those
on the quality of drinking water were obtained
from the Servicio de Calidad de Aguas at the
Conselleria de Medio Ambiente. This agency
has been analyzing public water supplies on an
annual basis since 1989, although the fre-
quency of the measurements varies between
municipalities and some data are still missing.
The average number of measurements in each
municipality was 5.6 from 1991 to 1998.
Fitting these data into the RIF database
required statistical imputation of their values.
Bayesian analysis of spatiotemporal models was
used to perform this task as described in
Abellán et al. (2003). Nevertheless, calcium
and magnesium concentrations in drinking
water were stable during the study, thereby
minimizing the influence of the imputation
methodology on the results of the analysis. Any
missing value at a location was estimated by
the average of the nearest 5 years at the same
location. This simple procedure was sufﬁcient
in previous exploratory analyses.
Finally, demographic and socioeconomic
data were provided by the Valencian Statistical
Institute, where municipal statistics are
updated regularly.
Exposure Analysis
We performed exposure analysis within the
RIF by deﬁning regions (bands) composed of
geographical units sharing similar levels of the
risk factor under study.
These degrees of risk can be based on dis-
tance to a putative origin of risk (as in point
source analysis) or on values of some environ-
mental variables, as in our study. For each of
the calcium and magnesium concentrations,
we deﬁned ﬁve bands, using as cut points the
quintiles of their respective distributions on
the 538 municipalities studied. To achieve
uniqueness of these bands during the period
studied, we used the values corresponding to
1991, the ﬁrst year of our study. This choice
was based, among other reasons, on a special
program of water quality measurement used
by the regional authorities that year. These
regional authorities used a methodology
common to all of the municipalities in
Comunidad Valenciana.
Table 1 shows the values of calcium and
magnesium deﬁning those bands, the number
of municipalities in each, and the percentage
of total population of the region. The
unevenness shown by these values is due to
multiple ties in some of the cut points as well
as to the variability of population sizes of
these 538 municipalities. Populated munici-
palities make appreciable contributions to the
band where they are allocated.
Assessing Effects of Risk Factors
We performed statistical analysis using the
estimation of the relative risk of each band i
by the corresponding standardized mortality
ratio SMRi = Oi/Ei of observed (O) to
expected (E) mortality counts. In the compu-
tation of the expected counts Ei, standardiza-
tion by age groups was performed separately
for each sex, as well as by levels of a depriva-
tion index based on three municipal indica-
tors: the ratios of unemployed individuals, the
proportion of illiterates among individuals
>1 0years of age, and number of vehicles per
individual inhabitants (Arias et al. 1993).
This deprivation index has been incorporated
in the RIF as a new field attached to each
municipality register. As a comparison region
for each municipality, deprivation index stan-
dardization uses the band of the covariate that
it belongs to and not the whole region of
study. Thus, the model incorporates and con-
trols the fact that risk could not be the same
at different levels of the covariate.
In our study we performed indirect
intrinsic standardization, using the popula-
tion of the whole region as the reference pop-
ulation for each of the periods studied. The
standardization procedure implicitly assumes
that the expected rate in each stratum of a
region is equal to the product of the relative
risk of the region and a common mortality
rate of this stratum. This is called the propor-
tionality assumption (Wakeﬁeld et al. 2000),
which must be checked to obtain valid con-
clusions. We performed a linear fit to the
strata-speciﬁc rates of each municipality, and
we did not observe clear departures from the
linear assumption (Ferrándiz et al. 2003).
The output provided by the RIF includes
the SMRs and their 95% conﬁdence intervals
in each band for every sex group.
Signiﬁcant relative risks, that is, those for
which conﬁdence intervals do not include the
value 1, are highlighted in the RIF output to
facilitate their detection by visual inspection.
Thus, we can identify those levels of the stud-
ied factors that correspond to unusually high
or low relative risks.
Relying on this band-by-band inspection
to identify the inﬂuence of a risk factor as sig-
niﬁcant has a statistical drawback. Because we
are performing multiple tests to obtain a uni-
ﬁed conclusion, we encounter the problem of
simultaneous inference; that is, we risk identi-
fying the global effect of an irrelevant factor as
significant with a probability much higher
than the nominal 5% level of each test. Thus,
we have to protect against this global type I
error by increasing the conﬁdence level of our
intervals or by performing a global test of
homogeneity of bands before accepting any
individual signiﬁcant result.
This second alternative seems easier from
the output of the RIF. It provides the observed
Oi and expected Ei counts so that we can per-
form a χ2 test of homogeneity of the number
of (n) bands by computing the statistic
[1]
to be compared with the quantiles of the χ2
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Table 1. Bands deﬁned in terms of calcium and magnesium concentrations.
Band threshold Number of Percentage of 
Covariate (mg/L) muncipalities population
Calcium [12, 65] 109 13.00
]65, 89] 110  12.89 
]89, 112] 128 14.93
]112, 136] 84 39.02
]136, 480] 107 20.15
Magnesium [1,  14]  120 8.23
]14, 23]  96  9.78
]23, 34] 129  25.00
]34, 43] 87 38.01
]43, 117] 106 18.94total expected cases in the entire region, the
maximum likelihood estimator of the com-
mon relative risk under the assumption of
homogeneity of bands and Poisson-distributed
counts.
Handling Multiple Covariates
Standardizing mortality/morbidity rates by
levels of a covariate as we have with age groups
and deprivation index is a way of ﬁltering its
inﬂuence to allow the resulting statistics to be
free from its effects. The remaining variability,
if any, will be due to sources other than
this covariate.
Covariate analysis, an option available
within the RIF environment, performs this
task. Once we have stipulated the desired
bands of the covariate under study, the
RIF computes the relevant statistics of each
band, as described in the preceding section.
Then we can ask the program to build a new
index with these levels to standardize rates in
future studies. [See Gómez et al. (2002) for
computational details.]
In each analysis we performed within the
RIF, we can compare results obtained before
and after standardization by levels of a covari-
ate. For example, we want to know if calcium
concentration in drinking water is a relevant
covariate once we have considered the magne-
sium concentration. Thus, we have compared
bands defined from calcium levels after
standardization by levels of magnesium.
Heterogeneity of these bands will indicate that
calcium provides relevant information beyond
that supplied by magnesium. Furthermore,
comparison of calcium bands before and after
standardizing by levels of magnesium will illus-
trate the interaction of both factors.
Disease Mapping
One main objective of epidemiologic surveil-
lance tasks is the detection of regions that
have unusually high risk. Disease mapping is
a powerful tool designed to this end, espe-
cially when we are dealing with environ-
mental risk factors. Because environmental
phenomena are linked to geography, the
inﬂuence of these risk factors can be detected
by geographic representations of relative risks.
[See Lawson and Williams (2001) for an
introductory text and Lawson et al. (1999) for
a deeper insight.]
Disease mapping deals typically with
small geographic units. If the influence of
hidden environmental factors extends over
several units, mortality/morbidity counts will
be correlated. Therefore, to analyze these
units we need statistical models allowing for
spatial correlation.
Furthermore, the small populations
attached to these geographic units produce
unstable estimates of relative risks, thus
requiring more robust statistical methods.
The RIF addresses both problems by
resorting to the empirical Bayes analysis of a
hierarchical Poisson-gamma model similar to
that of Clayton and Kaldor (1987).
Computational details are described in the
statistical appendix of Aylin et al. (1999).
From a surveillance perspective, we want
to determine if removing the effects of a
covariate changes the geographical pattern of
relative risks. To this end we can perform dis-
ease mapping before and after standardization
by levels of a covariate. By comparing the
resulting maps, we can verify whether high-
risk regions move to lower levels of risk or if
they remain high, indicating that factors other
than this covariate are still affecting popula-
tion health status. There could be hidden fac-
tors not included in the study. The
geographic pattern can help us determine the
nature of these hidden factors.
Results
To delimit the size of the studied phenomena,
we first considered the annual rates per
100,000 inhabitants for the whole region.
The annual rates for cerebrovascular disease
from 1991 to 994 are 153.37 for women and
114.26 for men. From 1995 to 1998 these
rates are 129.03 and 97.17, respectively.
The annual rates for ischemic heart
disease per 100,000 inhabitants are 80.13 for
women and 121.46 for men from 1991 to
1994, whereas they are 86.41 and 126.10,
respectively, from 1995 to 1998.
Cerebrovascular disease rates are higher in
women than in men; for ischemic heart dis-
ease the rates are higher in men. Comparing
both periods, we observe a decrease in the rate
of cerebrovascular disease and an increase in
the rate of ischemic heart disease.
The subsequent analysis focuses on rela-
tive risks rather than on the rates and is based
on the routine output of the RIF.
Exposure Analysis
Figures 1 and 2 are a comparison of the rela-
tive risk of bands defined from calcium and
magnesium concentration levels. They display
the SMRs and the 95% confidence intervals
from the output obtained with the RIF.
Figure 1 illustrates cerebrovascular mortality
and Figure 2 illustrates ischemic heart mortal-
ity. All SMRs for these figures have been
computed after standardization by age and
deprivation index.
For each disease we have constructed four
plots according to sex and covariate. In each
band, both 1991–1994 and 1995–1998 are
represented side by side for better comparison
of temporal variation.
The horizontal line at SMR = 1 allows
quick recognition of those intervals not
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Figure 1. 95% Conﬁdence intervals and means of SMRs for cerebrovascular mortality of males (A,C) and
females (B,D) in bands deﬁned for calcium (A,B) and magnesium (C,D). B, band.containing this particular value, that is, those
intervals that were not signiﬁcant because the
corresponding band shows a signiﬁcantly high
or low relative risk. Because we have performed
intrinsic indirect standardization, distance from
the SMR = 1 indicates a difference with respect
to the average behavior of the whole region.
The presence of signiﬁcant conﬁdence intervals
is a clear sign of the heterogeneity of the bands.
As we discussed in “Material and Methods,”
this information has to be complemented
with testing the homogeneity of the bands.
The resulting chi-square statistic G and corre-
sponding p-values are displayed in Table 2
under the headings G and p-value.
Magnesium after Calcium and
Calcium after Magnesium
To see the additional effect of each covariate
once the other has been taken into account,
we have repeated the analysis of the preceding
section. This time, however, SMRs have been
computed after standardization by the covari-
ate not explicitly present in the exposure
analysis. Consequently, Figure 3 has to be
compared with Figure 1 and Figure 4 with
Figure 2. The corresponding homogeneity
tests appear in Table 2 under the headings G
and p-value.
From these comparisons we can see that
trends are similar in general but that confi-
dence intervals become less signiﬁcant. Many
more intervals intersect the horizontal line
SMR = 1 when we standardize by the covari-
ate not present in the exposure analysis. This
loss of significance is apparent as well from
columns p-value and p-value of Table 2. We
verify there that p-values increase notably
from from first column to second column,
indicating that the hidden covariate con-
tributes to the heterogeneity between bands.
Conversely, small p-values suggest the covari-
ate that deﬁnes the bands still provides useful
information beyond that of the covariate used
in standardization.
Disease Mapping
Rapid Inquiry Facility output gives tabulated
SMRs for all municipalities. Shown for each
sex group (males, females, and males +
females) for each municipality are observed
and expected number of cases, the corre-
sponding SMR and the 95% confidence
interval, and the smoothed estimation of this
SMR based on the empirical Bayes procedure
mentioned in preceding sections. These rows
are duplicated to show standardized and non-
standardized results.
Because we are working with 538 munici-
palities and two diseases, the textual output is
more than 500 pages for each of the studied
covariates. Although interesting for detailed
consultation purposes, it does not fit in the
reduced space of a scientiﬁc paper. Maps bet-
ter summarize these results. They facilitate the
capture of essential aspects of health status.
However, the entire set of maps for the pre-
sent study is excessive, and we will restrict our-
selves to some of the most illustrative results.
Figure 5 presents disease mapping of total
(males + females) cerebrovascular mortality for
1991–1998. Figure 5A and C represent
smoothed municipal relative risks. Figure 5B
and D distinguish between signiﬁcantly high,
significantly low, and nonsignificant 95%
confidence intervals of SMRs, as the value
SMR = 1 is below, above, or inside the inter-
val. Thus, we have an estimate of the relative
risk (Figure 5A,C) jointly with a measure of
our conﬁdence that the value represents a real
risk and is not being produced by mere chance
(Figure 5B,D).
In Figure 5A and B, SMRs have been
standardized by age, sex, and deprivation
index. In Figure 5C and D, standardization
has included magnesium levels as well.
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Table 2. Testing homogeneity of bands.
Disease Covariate Period Sex Ga p-Valuea Gb p-Valueb
Cerebrovascular Calcium 1991–1994 Males 24.38 6.70 × 10–5 14.88 0.0049
Females 30.75 3.44 × 10–6 5.46 0.2436
1995–1998 Males 8.02 9.06 × 10–2 4.85 0.3028
Females 27.07 1.92 × 10–5 4.87 0.3008
Magnesium 1991–1994 Males 10.16 3.79  × 10–2 6.87 0.1427
Females 21.65 2.35  × 10–4 1.71 0.7883
1995–1998 Males 22.89 1.33  × 10–4 16.46 0.0025
Females 38.00 1.12 × 10–7 15.78 0.0033 
Ischemic Calcium 1991–1994  Males 8.85 6.49  × 10–2 8.58 0.0725
Females 11.73 1.95 × 10–2 6.77 0.1488
1995–1998 Males 13.28 9.98  × 10–3 14.76 0.0052
Females 15.14 4.49 × 10–3 10.98 0.0268
Magnesium 1991–1994 Males 10.75 2.96  × 10–2 7.16 0.1275
Females 10.64 3.10 × 10–2 2.80 0.5918
1995–1998 Males 10.62 3.11  × 10–2 8.63 0.0710
Females 8.02 9.08 × 10–2 6.98 0.1368
G, chi-square statistic deﬁned by Equation 1. 
aAfter standardization by age and deprivation index. bAfter further standardization by levels of the other covariate. 
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Figure 2. 95% Confidence intervals and means of SMRs for ischemic heart mortality of males (A,C) and
females (B,D) in bands deﬁned for calcium (A,B) and magnesium (C,D). B, band.Discussion
Effects of Calcium and Magnesium
The results displayed in Table 2 suggest a
relationship between calcium and magnesium
and the data on mortality from cerebrovascu-
lar and ischemic diseases. According to the
p-value, testing homogeneity of bands shows
clear evidence of this association for cerebro-
vascular disease in women. All p-values are
below 0.0001 for both periods studied and
both covariates. Evidence of this association is
not as strong for this same disease in men,
because there is no clear significant result
from 1991 to 1994 with magnesium and
from 1995 to 1998 with calcium.
For ischemic heart disease significant
heterogeneous results are not achieved if the
threshold is set to 0.001 to declare a p-value
significant. Nevertheless, the p-values are
quite small, with most between 0.001 and
0.05. A cautious conclusion could be not to
discard the possibility of this association with-
out further consideration.
We can examine the nature of those rela-
tionships. Focusing on the plot for women
and magnesium in Figure 1D (p-value = 1.12
× 10–7), the one most significant is in
Table 2, where we can see a descending trend
with increasing levels of magnesium from
bands 1 to 4. Band 5 breaks this trend, giving
a U-shaped aspect to this plot.
A similar pattern can be seen for ischemic
heart mortality in women and magnesium
levels, although in this case heterogeneity has
not been so signiﬁcant (p-value = 0.031).
Regarding the interaction between cal-
cium and magnesium, Table 2 reveals clearly
how the effects of both covariates are partially
confounded because they produce in each
other a loss of signiﬁcance when used in the
previous standardization. The correlation
coefﬁcient for both covariates is 0.59. In this
situation it is difficult to assess the indepen-
dent effect of each one, and it is best to refer
to the effect of hardness of drinking water.
In summary, we can say that this study
provides statistical evidence of a relationship
between mortality from cardiovascular dis-
eases and hardness of drinking water. This
relationship is stronger in cerebrovascular dis-
ease than in ischemic heart disease, is more
pronounced in women than in men, and is
more apparent with magnesium than with
calcium. Nevertheless, the protective nature
of these two factors is not clearly established.
Although the results obtained suggest this
possibility, they are not conclusive because of
the irregular trend in the series of conﬁdence
intervals and because many of the results are
not significant. Hidden socioeconomic and
environmental factors not controlled with the
deprivation index or the studied covariates
may remain. As suggested by a reviewer, these
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Figure 3. 95% Conﬁdence intervals and means of SMRs for cerebrovascular mortality of males (A,C) and
females (B,D) in bands deﬁned from calcium (A,B) and magnesium (C,D). B, band.
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Figure 4. 95% Confidence intervals and means of SMRs for ischemic heart mortality of males (A,C) and
females (B,D) in bands deﬁned for calcium (A,B) and magnesium (C,D), after standardization by calcium
C,D) and magnesium (A,B). B, band.could be caused by an ecologic bias associated
with this region.
Temporal Trend
We have paired the conﬁdence intervals cor-
responding to 1991–1994 and 1995–1998
for each band in every plot in Figures 1–4.
Direct inspection of these charts reveals the
stability of the SMRs during the entire period
studied. The majority of these pairs have a
large intersection, with both intervals sharing
a large portion of their range of values.
Although one may have the impression
that small decreases predominate in these sets
of paired intervals, the overlapping areas are
so important that the evidence of temporal
variation is negligible.
Spatial Distribution of Risk
No spatial trend is apparent from maps pre-
sented in Figure 5, but several clusters of dif-
ferent sizes are scattered over the entire
region. For illustrative purposes we focused
on two particular regions, which are circled in
the ﬁgure.
The upper circle shows a cluster of
municipalities with high SMR and signiﬁcant
confidence intervals. This is obvious in the
map of smoothed SMRs standardized by age,
sex, and deprivation index (Figure 5A) and
in the map with significance of confidence
intervals (Figure 5B). The lower circle shows
another less extreme cluster. 
When we include magnesium levels in the
standardization calculus, we remove the effect
of this covariate in some sense. When we com-
pare Figure 5A and B with Figure 5C and D,
we can see the effect of this removal. For
example, the upper circle shows that this
change produces even more municipalities
with significant confidence intervals than
before (so that the situation is worse than pre-
viously thought). In the lower circles, the
opposite is true. Some municipalities decrease
the significance of their SMRs (so that their
previous high relative risk has been partially
explained by their level of magnesium).
Some Methodological Issues
The strategy of analysis followed in this study
conforms to the exploratory nature of the RIF
as a tool to get quick and ﬂexible insight into
epidemiologic surveillance problems.
One primary concern with the type of
exposure analysis described here is the sensi-
tivity of results to the number and cut points
of exposure bands. An advisable practice is to
try various configurations of these bands.
We still lack a clear recommendation about
this topic.
In our study we used three, five, and
seven bands in each of the 12 studies
(disease–covariate–sex combinations). Table 3
shows results obtained in one of these
comparisons—cerebrovascular mortality in
women with bands deﬁned from magnesium
levels. Figure 6 displays the SMRs and their
95% confidence intervals from the output
obtained with three, five, and seven bands.
We can see that although concrete numerical
results vary, the general conclusions remain.
Considering these 12 comparisons of
different band settings, we found that
three bands tend to produce less significant
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Figure 5. Disease mapping of total cerebrovascular mortality for the whole period: smoothed SMRs (A,C)
and signiﬁcance of 95% conﬁdence intervals (B,D) after standardization by age, sex, and deprivation index
(A,B) and further standardization by Mg (C,D). Inf, infinity. Municipalities illustrating the change of risk
level when adjusting for the covariate are circled in blue. heterogeneous results than with ﬁve and seven
bands, whereas there is little difference
between these last settings. Therefore, we
have presented results with ﬁve bands.
Conclusions
Water in the Comunidad Valenciana is very
hard. Because of the infrequent occurrence,
water with > 200 mg/L calcium and water con-
taining > 10 mg/L magnesium are considered
rare by the World Health Organization (1996).
Nearly 20% of Comunidad Valenciana munici-
palities and population have water supplies with
calcium concentrations > 200 mg/L. The case
of magnesium is more striking—90% of the
water supply contains magnesium concentra-
tions > 10 mg/L. This could make identiﬁca-
tion of dose–response patterns and comparison
between our results and those from other stud-
ies difﬁcult. Nevertheless, we observed consid-
erable consistency in a detailed analysis of the
results obtained in the most recent studies of
this issue.
In other studies of calcium, the rank of cal-
cium concentration distribution in water is
closer than in our study. For example, in the
case–control study performed in Sweden
(Rubenowitz et al. 1996), the interval is
22–225 mg/L, and in a recent ecologic study
conducted in France (Marque et al. 2003), the
calcium concentration interval is 9–146 mg/L.
As in our study, mortality results for cardiovas-
cular noncerebrovascular diseases are less clear
than those for cerebrovascular diseases.
Conversely, the case–control study performed
in Sweden shows a nonmonotonic U-shaped
relationship between calcium and heart attack
risk mortality, as the authors obtained odds
ratio < 1 in intermediate calcium concentra-
tions between 34 and 81 mg/L (Rubenowitz
et al. 1996). In other words, they found a rela-
tionship between heart attack risk mortality
calcium levels that correspond to the second
level of our distribution, in which we found a
signiﬁcant relationship, with SMR < 1 at con-
centrations between 65 and 89 mg/L. In a later
study in Sweden, the results for calcium were
not conclusive (Rubenowitz et al. 2000).
Nevertheless, in the French study, the shape of
the relationship between calcium and cardio-
vascular mortality presents a clear biologic gra-
dient, with less mortality risk at higher calcium
concentrations in water (Marque et al. 2003).
On the other hand, our results support the
protective effect assumption of magnesium
and the mortality risk due to cardiovascular
diseases (Rubenowitz et al. 1996, 2000). In
addition, the results of the study performed in
France (Marque et al. 2003) show a U-shaped
relation between magnesium concentration in
drinking water and cerebrovascular mortality,
with lower risk in intermediate values of
magnesium, in the same way described in
our study.
Brieﬂy, the results of our study in Valencia
support the assumption of association between
magnesium and mortality risk due to cardio-
vascular diseases. However, results for calcium
are less clear. The current lack of studies and
the ecologic nature and limitations of the
exposure valuation used suggest that these
study results should be explored further with
more suitable designs. This could be achieved
in the moving cohorts studies framework that
addresses the role of different nutrients and
other factors in cardiovascular health.
REFERENCES
Abellán C, Ferrándiz J, López A. 2003. Spatio temporal imputa-
tion in environmental data sets. In: Proceedings from
EUROHEIS/SAHSU Conference 2003, 30–31 March 2003,
Östersund, Sweden (Jarup L, ed). London:Imperial College
London, 74–78.
Arias A, Rebagliato M, Palumbo MA, Bellver R, Ashton J,
Colomer C, et al. 1993. Desigualdades en salud en
Barcelona y Valencia. Med Clin 100:281–287.
Aylin P, Maheswaran R, Wakefield J, Cockings S, Jarup L,
Arnold R, et al. 1999. A national facility for small area dis-
ease mapping and rapid initial assessment of apparent
disease clusters around a point source: the UK Small Area
Health Statistics Unit. J Public Health Med 21(3):289–298.
Clayton D, Kaldor J. 1987. Empirical Bayes estimates of age-
standardized relative risks for use in disease mapping.
Biometrics 43:671–681.
Cradford MD, Gardner MJ, Morris JN. 1971. Changes in water
hardness and local death-rates. Lancet 14:327–330.
Ferrándiz J, Abellán JJ, López A, Sanmartín P, Vanaclocha H,
Zurriaga O, et al. 2002. Geographical distribution of the
cardiovascular mortality in Comunidad Valenciana (Spain).
In: GIS for Emergency Preparedness and Health Risk
Reduction (Briggs D, Forer P, Jarup L, Stern R, eds).
Dordrecht, the Netherlands:Kluwer Academic Publishers,
267–282.
Ferrándiz J, López A, Sanmartín P, Vanaclocha H, Zurriaga O,
Abellán JJ, et al. 2000. Atlas of Cardiovascular Mortality in
the Comunidad Valenciana (1987–1996). Available:
http://dgsp.san.gva.es/isum/epidemiologia/estudios/atlas.
htm [accessed 15 Mar 2004].
Ferrándiz J, López-Quílez A, Gómez-Rubio V, Sanmartín P,
Martínez-Beneito M, Melchor I, et al. 2003. Statistical
relationship between hardness of drinking water and
cerebrovascular mortality in Valencia: a comparison of
spatiotemporal models. Environmetrics 14(5):491–510.
Gómez V, Ferrándiz J, López A. 2002. Implementation of
Covariate Studies in an Epidemiological G.I.S. Technical
Rep 15-2002. Valencia, Spain:Dept. d’Estadística i I.O.,
Universitat de València. Available: http://matheron.uv.es/
investigar/tr15-02.ps [accessed 15 Mar 2004].
Hall P, Jungner I. 1993. Hard drinking water and ischemic heart
disease: calcium, bloodlipids, and acute myocardial
infarcts. J Med Syst 17:227–281.
Lacey RF, Shaper AG. 1984. Changes in water hardness and
cardiovascular death rates. Int J Epidemiol 13:18–24.
Lawson A, Biggeri A, Böhning D, Lesaffre E, Viel JF,
Bertollini R, eds. 1999. Disease Mapping and Risk
Assessment for Public Health. Chichester, UK:Wiley.
Lawson AB, Williams FLR. 2001. An Introductory Guide to
Disease Mapping. Chichester, UK:Wiley.
Marque S, Jacqmin-Gadda H, Dartigues JF, Commenges D.
2003. Cardiovascular mortality and calcium and mag-
nesium in drinking water: an ecological study in elderly
people. Eur J Epidemiol 18:305–309.
Marx A, Neutra RR. 1997. Magnesium in drinking water and
ischemic heart disease. Epidemiol Rev 19:258–272.
Melchor I, Garcia-Senchermes C, Martínez P, Valero S,
Company C, Vanaclocha H, et al. 1998. Estadísticas de
Mortalidad de la Comunidad Valenciana 1995. Valencia,
Spain:Conselleria de Sanitat, Generalitat Valenciana.
Nolasco A, Orts R, Pérez-Hoyos S, Benavides FG, Godoy C,
Librero J. 1992. Análisis Geográﬁco de la Mortalidad en la
Comunidad Valenciana (1981–84). Vol 21. Valencia,
Spain:Generalitat Valenciana.
Mini-Monograph | Mortality and drinking water hardness
Environmental Health Perspectives • VOLUME 112 | NUMBER 9 | June 2004 1043
Table 3. Testing homogeneity of bands for cerebro-
vascular mortality in women with 3, 5, and 7
magnesium bands.
Bands (n) Period G p-Value
3 1991–1994 34.830 2.74 × 10–8
3 1995–1998 52.580 3.82 × 10–12
5 1991–1994 21.650 2.35 ×10–4
5 1995–1998 38.000 1.12 × 10–7
7 1991–1994 38.950 7.32 × 10–7
7 1995–1998 49.920 4.88 × 10–9
G, chi-square statistic deﬁned by Equation 1.
1.15
1.10
1.05
1.00
0.95
S
M
R
B1 B2 B3 B4 B5
Covariate bands for both periods
B
1.20
1.15
1.10
1.05
1.00
0.95
0.90
S
M
R
B1 B3 B5 B7
Covariate bands for both periods
C
1.10
1.05
1.00
0.95
S
M
R
B1 B2 B3
Covariate bands for both periods
A
B2 B4 B6
Figure 6. Comparing settings of magnesium bands
for cerebrovascular mortality in women. Output
obtained with (A) three bands, (B) five bands, and
(C) seven bands. B, band. Pocock SJ, Shaper AG, Cook DG, Packmahan RF, Lacey RF,
Powell P, et al. 1980. British Regional Heart Study: geo-
graphic variations in cardiovascular mortality, and the role
of water quality. Br Med J 5:1243–1249.
Rubenowitz E, Axelsson G, Rylander R. 1996. Magnesium in
drinking water and death from acute myocardial infarc-
tion. Am J Epidemiol 143:456–462.
Rubenowitz E, Molin I, Axelsson G, Rylander R. 2000.
Magnesium in drinking water in relation to morbidity and
mortality from acute myocardial infarction. Epidemiology
11:416–421.
Rylander R, Bonevik H, Rubenowitz E. 1991. Magnesium and
calcium in drinking water and cardiovascular mortality.
Scand J Work Environ Health 17:91–94.
Van der Vijver LPL, Van der Waal MAE, Weterings KGC,
Dekkere JM, Schouten EG, Kok FJ. 1992. Calcium intake
and 28-year cardiovascular and coronary artery disease
and low hardness of drinking water. Int J Epidemiol
21:36–39.
Wakefield JC, Best NG, Waller L. 2000. Bayesian approaches
to disease mapping. In: Spatial Epidemiology: Methods
and Applications (Elliot P, Wakefield JC, Best NG,
Briggs DJ, eds). Oxford:Oxford University Press, 104–127.
World Health Organization. 1978. International Classiﬁcation of
Diseases, Ninth Revision. Basic Tabulation List with
Alphabetical Index. Geneva:World Health Organization.
World Health Organization. 1996. Guidelines for Drinking-Water
Quality. 2nd ed. Vol 2. Geneva:World Health Organization.
Yang CY. 1998. Calcium and magnesium in drinking water and
risk of death from cerebrovascular disease. Stroke
29:411–414.
Mini-Monograph | Ferrándiz et al.
1044 VOLUME 112 | NUMBER 9 | June 2004 • Environmental Health Perspectives